Background. The increase in breast cancer risk during pregnancy and postpartum is well known; however, the molecular phenotype of breast cancers occurring shortly after pregnancy has not been well studied. Given this, we investigated whether nulliparity and the time interval since pregnancy among parous women affects the breast cancer phenotype in young women. Materials and Methods. We examined molecular phenotype in relation to time since pregnancy in a prospective cohort of 707 young women (aged #40 years) with breast cancer. Parity was ascertained from study questionnaires. Using tumor histologic grade on central review and biomarker expression, cancers were categorized as luminal A-or B-like, HER2 enriched, and triple negative.
INTRODUCTION
The increase in breast cancer risk during pregnancy and postpartum is well documented [1] [2] [3] . Studies have also demonstrated poorer prognoses for younger women with breast cancer compared with older women and for women with pregnancy-associated breast cancer (PABC) compared with nulliparous women, likely due to multiple factors including stage at presentation and the biology of breast cancers occurring in younger women and in pregnant women [4] [5] [6] [7] [8] [9] [10] [11] [12] .Themolecularlydistinctbreastcancersubgroupsidentified through gene microarray technology and unsupervised cluster analysis that have been the most reproducibly identified to date include luminal subtypes A and B; the HER2-enriched subtype; and a triple-negative group, the basal-like cancers [13] [14] [15] [16] . Studies have examined the distribution of these molecular phenotypes in young women [17] [18] [19] [20] ; however, the molecular phenotype of breast carcinoma occurring shortly after pregnancy has not been studied widely [21] [22] [23] .
At the molecular level, a genomic signature specific to the parous cancer-free breast, which remains present postmenopausally, has been identified [24] [25] [26] . This signature shows upregulation of genes associated with differentiation and anchoring of cells to basement membrane, upregulation of genes associated with inflammation, and downregulation of genes associated with proliferation, stem cell maintenance, apoptosis, estrogen receptor a (ER-a), and progesterone receptors (PRs) [24] [25] [26] , which would support the protective effect of pregnancy seen well beyond the postpartum period ("crossover effect").
Given this aforementioned "protective" genomic signature found in postmenopausal parous women, it is somewhat paradoxical that PABC is associated with many poor prognostic features. Consequently, we sought to investigate whether the time interval since pregnancy affects the molecular phenotype of breast carcinomas, classified using clinically obtained biomarkers, in parous young women with breast cancer. Specifically, we investigated whether women who were diagnosed within a shorter time period since pregnancy were found to have more aggressive molecular phenotypes of breast cancer compared with those diagnosed at greater time intervals since pregnancy and compared with the molecular phenotypes of breast cancer occurring in nulliparous young women (aged #40 years).
PATIENTS AND METHODS

Study Design and Population
The Young Women's Breast Cancer Study is a multi-institutional prospective cohort study of women diagnosed with breast cancer between 17 and 40 years of age that began enrolling patients in 2006 and has been described in detail previously [20] . In brief, women aged 40 years and younger with newly diagnosed breast cancer at the Dana-Farber/Harvard Cancer Center, including 9 participating institutions within Massachusetts and 3 out of state, were eligible for enrollment provided they were able to respond to questionnaires in English. Participants responding to an invitation by mail provided written informed consent authorizing medical record review that included data abstraction of patient stage, blood sample and pathology specimen collection, and baseline and follow-up participant questionnaires. Institutional review board (IRB) approval for the study was obtained through the Dana-Farber/ Harvard Cancer Center IRB; the Newton Wellesley Hospital IRB; the University of Colorado, Colorado Multiple Institutional Review Board; the Sunnybrook Health Sciences Center research ethics board; and the Mayo Clinic IRB.
Pathology Review
Histopathology slides were obtained and reviewed centrally by the study pathologist. When available, both the initial core biopsy and subsequent excision or mastectomy specimens were reviewed. Using a standardized case-reporting form, specific histologic features were recorded for each specimen (detailed description of features captured is shown in [20] ).
Classification of Molecular Phenotype
Using the histologic tumor grade obtained by central pathology review by an expert breast pathologist (L.C.C.) and biomarker status as classified in the clinical record (ER, positive or negative; PR, positive or negative; and human epidermal growth factor receptor 2 [HER2], positive/amplified or negative/nonamplified) extracted from pathology reports, cases were classified as one of four molecular subtypes. Use of immunohistochemistry as a surrogate for molecular classification by gene expression profiling has been used in a number of large population-based studies [17, [27] [28] [29] [30] , has been shown to provide an acceptable level of accuracy for determining molecular phenotype [31] , and is supported by the St. Gallen International Expert Consensus Statement [32] .
As described previously [20] , cases that were ER positive and/or PR positive, HER2 negative, and either histologic grade 1 or 2 were classified as luminal A-like cancers. Cases that were ER positive and/or PR positive and HER2 positive or ER positive and/or PR positive and HER2 negative and that were histologic grade 3 were classified as luminal B-like cancers. Cases that were ER negative, PR negative, and HER2 positive were classified as HER2 enriched. Cases that were negative for ER, PR, and HER2 were classified as triple negative, the clinicopathologic surrogate of basal-like carcinoma [32] . HER2 was considered positive if immunohistochemical stains were reported as 21 (9 cases) or 31 and/or if HER2 fluorescence in situ hybridization showed gene amplification.
Statistical Analyses
Among 892 women in the cohort with completed baseline surveys, 707 were included in this analysis; 150 were excluded because pathology review had not yet been completed, 33 were pregnant at diagnosis, and 2 were missing children's birthdates such that pregnancy intervals could not be calculated.
Statistical analyses were carried out with SAS version 9.2 (SAS Institute, Cary, NC, http://www.sas.com). Pearson chisquare statistics were calculated to assess the differences between nulliparous women and parous women and between women whose most recent pregnancies prior to diagnosis were 1-5 years earlier versus those whose pregnancies were .5 years prior to diagnosis. Multinomial logistic regression models were used to assess the impact of potential confounders (age at diagnosis, age at first birth, and family history of breast cancer). No corrections were made for multiple comparisons. Women with a pregnancy that was ,1 year prior to diagnosis were not included in the comparative analyses of time interval since pregnancy (n 5 47).
RESULTS
Among the 707 women included in this analysis, the median age at diagnosis was 37 years (range: 17-40 years).The patient characteristics of the overall cohort are summarized in Table 1 . Of this population, 88% were white and 53% reported a family history of breast cancer. The majority of patients presented with either stage I or II disease (36% and 43%, respectively). Only 6% presented with stage IV disease, similar to what has been seen in the general population of women with breast cancer. Seven percent of women had a pregnancy within the year prior to diagnosis, 31% had a pregnancy within 1-5 years prior, and 28% had a pregnancy .5 years prior to diagnosis.The majority of women (66%) had had at least 1 pregnancy prior to diagnosis.
The distribution of pathologic features and molecular phenotypes among nulliparous and parous women according to time interval since pregnancy is presented in Table 2 and Breast Cancer Phenotype and Time Since Pregnancy CME whose most recent pregnancies prior to diagnosis were 1-5 years prior versus those whose pregnancies were .5 years prior to diagnosis with regard to age at presentation, family history of breast cancer, tumor grade and stage at presentation, and molecular phenotype (chi-square test) ( Table 2) .
Multinomial logistic regression modeling was used to assess the association between pregnancy intervals (shorter vs 
DISCUSSION
Women with PABC and younger women with breast cancer have been shown to have poorer prognosis compared with nulliparous and older women, likely due to multiple factors including delays in diagnosis, stage at presentation, the biology of breast cancers occurring in younger women, and treatmentrelated factors [4-12, 33, 34] . It is also well documented that pregnancy confers a dual effect on breast cancer risk, with a promotional effect during pregnancy and the early postpartum period [1-3] followed by a crossover to a protective effect in postmenopausal women with an age at first pregnancy of ,25 years [35] [36] [37] .
Given this dual effect, we sought to determine whether there was a difference in the molecular phenotype and tumor features of breast carcinoma occurring in young women according to time since last pregnancy and in comparison to nulliparous young women. We found no difference in molecular phenotype or clinicopathologic characteristics according to time intervals since pregnancy among parous and nulliparous young women. Similar to our study, a recent report by Callihan et al. found no difference in the distribution of molecular phenotype, grade, and stage among 619 young (aged #45 years) women with PABC (,5 years) compared with nulliparous young women [22] . In contrast, two other groups demonstrated that among parous women with breast cancer, those who were 0-2 years from last parity at the time of diagnosis were the only group more likely than nulliparous women to have grade 3 tumors, positive lymph nodes, and a tumor with a triple-negative phenotype [21, 23] , although these differences were no longer present among women who were diagnosed 2-5 or 3-5 years after pregnancy, which is in keeping with the findings of our study. Family history does not appear to have been considered as a confounding variable in these studies. The study by Pilewskie et al. considered age as a categorical variable, but multivariate models were adjusted for "potential confounders other than age" [21] , and in the study by Nagatsuma et al., age at diagnosis was not significantly associated with outcome in multivariate models [23] . The study by Callihan et al. reported that there were no differences in age at diagnosis between each of the time-interval groups (although their table 1 appears to demonstrate otherwise), and thus age was not included in multivariable models in that study [22] . It is possible that we did not detect an increase in triplenegative breast carcinomas because we analyzed women who were 1-5 years beyond pregnancy. Our group of women diagnosed ,1 year since pregnancy was small (n 5 47) and was excluded from further analyses. Another possible explanation is the change in definition of ER positivity since 2010 [38] . The aforementioned studies accrued patients retrospectively (from time periods 1998-2010) when the definition of ER positivity was 10% of tumor cells or greater (or even 20% in some institutions), whereas the current definition of an ERpositive tumor is $1% of tumors cells [38] .The current study is accruing patients prospectively; therefore, it is likely that some patients who would have been classified as ER negative before 2010 are now classified as ER (low) positive, rendering our population with slightly fewer triple-negative (and HER2-enriched) patients and shifting those patients to the luminal B-like group.
Another possible explanation proposed for the poorer prognosis of breast carcinoma diagnosed within 5 years of pregnancy is the hypothesis that there are differences in host biology as a result of the involution process that occurs following parturition rather than enrichment for a poor prognostic subtype per se. Our study was not designed to address this hypothesis but may provide some indirect support because enrichment for the triple-negative subtype was not seen in these young parous women, suggesting that it is perhaps host biology rather than the epithelial features of the carcinoma alone conferring the poor prognosis reported in these young, recently pregnant women [39] . Of note, we found that nulliparous young women (aged #40 years) were slightly more likely to develop luminal A-like cancers than parous women (34% for nulliparous vs. 28% for women 1-5 years since pregnancy). This was similarly demonstrated in the work from Nagatsuma et al. (70% for nulliparous [aged , 44 years] vs. 64% for women 3-5 years since pregnancy) [23] . Given that nulliparous women are at increased risk for the development of postmenopausal ER-positive breast cancer [40] , it is possible that this relative increase in the risk of luminal A-like cancers begins in the premenopausal setting in nulliparous women and remains over their lifetime. This is particularly notable given the observation that, compared with older women, younger women are more likely to develop higher grade, HER2-positive tumors [4] [5] [6] [7] [8] [9] [41] [42] [43] [44] , and basal-like carcinomas [17] [18] [19] [44] [45] [46] [47] .
Our study is one of the largest to date evaluating the pathology of breast carcinoma in young parous women and incorporating central pathology review to document histologic grade. However, as reported previously [20] , a potential limitation of our study was that ER, PR, and HER2 results abstracted from pathology reports were used as a surrogate for molecular subtype, and the time period of accrual bridges a period of change in the cutoff levels for positivity in ER testing. Asdiscussed, useofimmunohistochemistry is generallyaccepted as a reasonable surrogate for molecular classification by gene expression profiling [32] . It is also appropriate to note that this is not a population-based study, despite identifying patients through pathology record review at nine community and academic sites, and there may be both participation bias (women who participate in our study may differ by tumor phenotype) and referral bias (women referred to the academic sites, in particular, may vary by tumor phenotype). Importantly, although we adjusted for a family history of breast cancer, we did not consider BRCA1 or BRCA2 mutation status for the present analysis. Given the known relationship between tumor phenotype and BRCA1 mutation status in particular, future evaluation of BRCA status in consideration of the relationship between tumor phenotype and parity in young women is warranted and may be feasible as the size of our cohort increases and genetic analyses are completed.
CONCLUSION
Among our large cohort of young women, distribution of breast cancer molecular phenotype did not differ among parous young women with respect to time interval since parturition or compared with nulliparous women once important predictors of tumor phenotype such as age and family history were considered. Future research to determine potential unique cancer initiation and promotion factors related to the early postpartum period is warranted.
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